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Identification and Function of Leash Forming Residues in the FOF1 ATP
Synthase Molecular Motor using Single Molecule Measurements
Wayne D. Frasch1, James Martin2, Jennifer Hudson2.
1Arizona State University, Phoenix, AZ, USA, 2Arizona State University,
Tempe, AZ, USA.
In single molecule rotation measurements, the transient dwells in the proteoli-
pid ring rotation of E. coli FoF1-ATP Synthase were eliminated by either mu-
tation of aE196L or cR50L to subunit a and subunit c, respectively, of the Fo
motor. These data indicate that these residues are involved in the formation
of the Fo motor leash that allows rotary motion of the c-ring to a limit of
~36 while engaged. These mutations decreased the rate of oxidative phosphor-
ylation dependent growth to one half of that observed with wild type. The abil-
ity of ATPase dependent or NADH-dependent proton gradient formation across
inverted membrane vesicles from E. coli was measured by ACMA quenching.
Mutations to either residue aE196 or cR50 that altered the ability to form a salt
bridge between these subunits were observed to increase the rate and extent of
proton gradient formation induced by either ATP or NADH. However, none of
these mutations decreased the rate of ATP hydrolysis activity of the FoF1 in the
inverted membrane vesicles significantly. These results suggest that the ability
to form the leash between subunits a and c biases rotation of the c-ring in the
ATP synthesis direction.
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High-Throughput Single-Molecule Analysis of Nucleic Acid Enzyme
Activity by Tethered Particle Motion
Thomas Plenat1, Catherine Tardin1, Philippe Rousseau2, Laurence Salome1.
1IPBS UPS/CNRS, TOULOUSE, France, 2LMGM UPS/CNRS,
TOULOUSE, France.
Tethered Particle Motion (TPM) has the advantage to explore the conforma-
tional dynamics of DNA molecules, isolated or interacting with proteins, in
the absence of external forces [1]. To take full benefit of this method, we de-
veloped a biochip that consists of microarrays of functional sites patterned
by a soft lithography technique and thus enables the simultaneous analysis of
hundreds of single DNA molecules by TPM.
Using our TPM-on-a-chip method we investigated the activity of the T7 gene
exonuclease. This enzyme leads to the conversion of dsDNA to ssDNA and was
classified according to previous bulk analyses as non processive in contrast to
other exonucleases. Our results give eveidence for a processivity of the enzyme
and revealed subtle characteristics of its mechanism which could not be un-
veiled by conventional approaches.
[1] Manghi M., Tardin C. et al. Probing DNA conformational changes with
high temporal resolution by Tethered Particle Motion. Phys. Biol. 7: 046003
(2010).
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Detection of Polymorphic Transformations in Bacterial Flagellar Fila-
ments using Solid Sate Nanopores
Anmiv S. Prabhu1, Kevin J. Freedman2, Min Jun Kim3.
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Over the past 15 years nanopore based devices have emerged as promising tools
for single molecule detection and analysis. These devices rely on detecting
changes in current between two electrolytic half cells separated by a nanopore
bearing membrane, due to the displacement of the electrolyte within the nano-
pore by an analyte being driven electrophoretically across it. More recently,
such devices have been used to characterize protein folding/unfolding mecha-
nisms and binding kinetics by relating the differences in the amplitude and du-
ration of the current blockade to expected biophysical changes in the analytes’
structure. However given the complex and dynamic nature of most proteins’
structure such approaches are largely empirical and often difficult to corrobo-
rate through simulations. In order to elucidate how structural variations in a pro-
tein relate to changes in the observed current blockades we present a systematic
analysis of the structural variations in protein filaments using solid state
nanopores.
Bacterial flagellar filaments are chosen as the analyte in the presented work
since these proteinaceous organelles acquire simple helical structures whose
pitches change reversibly in response to changes in the fluidic environment
such as its pH and salinity. Using a 250 nm diameter pore, we parametrically
vary the pH and salinity of the electrolyte and detect corresponding polymor-
phic transformations in the flagellar filaments. Further, given the simplicity
of these structures, such transformations are easy to model mathematicallyand we show that the changes in the nature of the current blockade closely agree
with those predicted by our model. Moreover, given the sensitivity of the fla-
gellar filaments to ambient conditions, our setup could also be used as a nano-
scale fluidic sensor capable of detecting minute changes in the fluidic
environment in and around the nanopore.
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Stochastic Properties of Transcription Factor Expression Revealed by
Single-Molecule Noise Analysis
Jie Xiao1, Zach Hensel1, Haidong Feng2, Bo Han3, Jin Wang3.
1Johns Hopkins University, Baltimore, MD, USA, 2SUNY Stoney Brook,
Stony Brook, NY, USA, 3SUNY Stoney Brook, Stoney Brook, NY, USA.
Transcription factors (TFs) play important roles in gene regulation. Monitoring
TF production in real time will help to elucidate how the stochasticity in the
expression TFs influences the expression of their target genes. However,
many TFs are expressed at low levels and are thus difficult to detect. Further,
labeling TFs with fluorescent proteins can potentially disrupt their regulatory
functions. Here, we developed a novel strategy, Co-Translational Activation
by Cleavage (CoTrAC), to monitor the stochastic expression of a TF, l repres-
sor CI, in live E. coli cells at the single-molecule level. CI becomes fully func-
tional upon co-translational cleavage from a membrane-targeted reporter,
which can be counted individually. Using this strategy, we monitored the pro-
duction of CI in real time in the regulatory context of the l phage genetic
switch. We developed a robust noise analysis to decompose the total noise in
CI production into intrinsic, extrinsic and correlation sources. We show that in-
trinsic noise likely arises from both transcriptional and translational bursting.
Extrinsic noise accounts for most of the total noise on the time scale of one
cell cycle. CI enhances transcription primarily by increasing bursting fre-
quency. Furthermore, negative autoregulation increases intrinsic noise, but
counteracts extrinsic noise and ensures that molecular memory diminishes on
a time scale shorter than one cell cycle. The experimental and theoretical ap-
proaches presented here offer a unique opportunity to investigate noise in
gene regulatory networks.
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3D Tracking of Cellular Nanoscale Dynamics with Sub-Millisecond
Temporal Resolution
Manuel F. Juette, James B. Munro, Walther Mothes, Joerg Bewersdorf.
Yale University, New Haven, CT, USA.
The study of highly dynamic cellular processes is leveraged by microscopic
techniques with high temporal resolution. Especially for diffusive processes,
where particle displacements can exceed 100 nm/ms, sub-millisecond
temporal resolution is often required in addition to precise three-dimensional
localization.
We have developed a novel particle tracking microscope capable of observing
fast 3D trajectories of fluorescently tagged intracellular objects with 300 ms
temporal resolution [1]. Combining scanning-free biplane detection [2] with
optimized beam steering, we were able to demonstrate 3D tracking of single
fluorescent particles at speeds of up to 150 nm/ms over several seconds and
large volumes. Maximum detection efficiency and minimal laser irradiation
are guaranteed by focused excitation of only the particle of interest and by ex-
ploiting the high quantum efficiency of an EM-CCD camera. Limiting detec-
tion to a small subarea of the CCD chip improves speed and reduces
background fluorescence. Combined with the absence of sample movement,
these features ensure high live-sample compatibility.
Here, we present recent improvements of the setup using fast adaptive optics
for axial scanning. This enhances response times and eliminates mechanical
coupling of moving components to the sample. We also show data from recent
live-cell experiments. We have tracked actin-driven motion of GFP-labeled
HIV-like particles on the cytoplasmic membrane. This ‘‘surfing’’ is involved
in retroviral cell-to-cell spread [3] and precedes endocytosis. Fast 3D particle
tracking has the potential to contribute to the understanding of the underlying
mechanism.
[1] M. F. Juette and J. Bewersdorf, Nano Lett., 10(11), 4657-4663 (2010).
[2] M. F. Juette et al., Nat. Methods, 5(6), 527-529 (2008).
[3] W. Mothes et al., J. Virol., 84(17), 8360-8368 (2010).
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Effects of Viscosity on Tethered Particle Motion (TPM) Experiments
Sandip Kumar1, Chiara Zurla2, Sachin Goyal1, Laura Finzi1, David Dunlap1.
1Emory University, Atlanta, GA, USA, 2Georgia Institute of Technology,
Atlanta, GA, USA.
Tethered Particle Motion (TPM) experiments are used to estimate the extension
of a DNA molecule, attached at one end to a glass surface, and at the other
384a Monday, February 27, 2012(free) end to a microscopic bead. The DNA tether restricts the Brownian motion
of the bead and the average amplitude of excursions of the bead from the anchor
point indicates the DNA tether length. Excursions of the beads depend on the
physical properties of the DNA-bead system, and the physical and chemical
properties of the surrounding solution. Previously published TPM calibrations,
for a range of DNA lengths and 200 to 970 nm diameter beads showed that
larger beads increase excursions and comparatively more time is necessary
for a bead to fully explore the available volume and report the maximum excur-
sion for a longer as opposed to a shorter DNA molecule. Others have shown
that magnesium ions reduce the excursions and increased viscosity slows the
diffusion of an 80 nm gold bead tethered by a single length of DNA. New ex-
periments with 320 and 480 nm diameter beads and DNA of several lengths
show increasing viscosity increases the time required to report the maximum
average excursion. Interpreting these results based on the dynamics of the vis-
cous solvent-DNA-bead system highlights important experimental details for
TPMmeasurements of DNA protein interactions and indicates how the kinetics
of topological rearrangements might be impacted by increased viscosity envi-
ronments such as cytoplasm.
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Application of 3-D Prismatic Optical Tracking to Single-Molecule Optical
Tweezers
Takayuki Nishizaka, Tatsuya Naito, Yuh Hasimoto, Tomoko Masaike.
Gakushuin Univ., Tokyo, Japan.
We have developed a new method for tracking single particles in three dimen-
sions under a conventional microscope by dividing light in two components us-
ing a wedge prism. This method, three-dimensional prismatic optical tracking,
termed tPOT, is here combined with optical tweezers to quantify molecular
scale 3-D force in motor proteins. Precise calibration of trapping force to
bead displacement with sub nanometer scale enables us to determine the force
exerted not only in xy-plane direction but also along optical axis (z-axis). With
this experimental set-up, we applied force to rotary motor F1-ATPase that
showed rotation on a glass surface. Our research group previously used the pro-
cedure in which the objective was displaced to impose the load on single mol-
ecules held between the trapped bead and the glass, which frequently caused the
measurement error because of drifting motions of the specimen. This method
has been modified as follows; 1) the trap center is displaced with time by mov-
ing the focusing lens along z-axis; 2) spring constant of the trap is increased via
the adjustment of the laser power. In either case positions of the stage and the
objective were fixed and thus repetitive measurements were reliably performed.
The rupture force of the bead from the glass surface, which presumably reflects
the interaction between the shaft and the cylinder of F1-ATPase, distributed up
to 40 pN and showed 19 pN on the average. The wide distribution of the force
may be originated from different chemical states of the cylinder when the rup-
ture occurs. We also demonstrate various applications of tPOT, such as cork-
screwing motions of linear molecular motors or beating motions of ciliary
axonemes.
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Molecular Mechanotransduction in Human CD4
Raul Perez Jimenez, Ronen Berkovich, Patricia Richard, Carmen Badilla,
Julio Fernandez.
COLUMBIA UNIVERSITY, New York, NY, USA.
HIV-1 infection initiates when the viral envelope glycoprotein gp120 interacts
with two receptors on the surface of the T lymphocytes, CD4 and a chemokine
co-receptor (CCR5 or CXCR4). Upon binding, a cascade of conformational
changes in CD4 triggers viral fusion to the cell membrane. However, the key
factors that originate the structural alterations in CD4 are unclear. Here, we
use single-molecule force spectroscopy to study the mechanochemical proper-
ties of the two more external domains of human CD4 (D1 and D2). The appli-
cation of mechanical forces to the CD4 domains reveals that they can be
unfolded in a time-dependent manner within a biological range of forces. Sim-
ilarly to other tandem repeats proteins such as titin or tenascin, mechanical un-
folding of CD4 modules might be an important process occurring in vivo acting
as a shock absorber. This phenomenon would help to prevent viral detachment.
Furthermore, we show that mechanical exposition of internal disulfide bonds in
CD4 is required for redox regulation by thioredoxin enzymes, a process that has
been suggested to occur during viral infection. In addition, we perform numer-
ical calculations using suitable models for polymer elasticity to correlate viral
infectivity (Freeman et al. Structure 18(12):163241) with mechanical extensi-
bility of CD4 modules. The role of mechanical forces in HIV-1 infection is yet
to be considered, but it might represent a new view to better understand viral
infection.1955-Pos Board B725
Single-Molecule Optical Trap Study of Human CCR5 mRNA Structure
Michel de Messieres, Jen-Chien Chang, Ashton T. Belew,
Arturas Meskauskas, Jonathan D. Dinman, Arthur La Porta.
University of Maryland, College Park, MD, USA.
Tertiary structure of mRNA can regulate translation by the ribosome. Specifi-
cally, potential pseudoknot structures are found in many genes which may stim-
ulate programmed1 ribosomal frame shifting. We conducted single-molecule
optical trapping experiments on CCR5 mRNA, which encodes the co-receptor
for HIV-1. We found that individual molecules of CCR5 mRNA will randomly
fold into several unique conformations when stretched repeatedly, one of these
being consistent with a proposed pseudoknot structure. Other conformations
have higher energies than would be expected for duplex RNA and may be ex-
plained by tertiary RNA structure. A new analysis technique was applied,
where we consider the change in energy per distance (dE/dx) of the molecule.
This method of analysis provides a useful means to classify the many confor-
mations the mRNA adopts as well as providing unique insights into the struc-
ture of CCR5 mRNA.
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Fluorogen Activating Peptides that Enhance Photostability through
Encapsulation of the Fluorogen
Saumya Saurabh, Marcel P. Bruchez.
Carnegie Mellon University, Pittsburgh, PA, USA.
Biological imaging has profited from the development of a variety of fluo-
rescent probes such as organic dyes, quantum dots and fluorescent proteins.
More recently, Fluorogen Activating Peptides (FAP) have been developed
through directed evolution. These FAPs bind non-covalently to an otherwise
non-fluorescent molecule (fluorogen) to form fluorescent complexes. FAPs
have been successfully employed in various live-cell imaging applications
in the past two years. For live-cell and single molecule imaging applications,
photostability is a key requirement for any fluorescent probe. FAPs have
been shown to exhibit high photostability in cell-imaging applications. An
understanding of the mechanism underlying the photostability of these
FAPs will help us in future to develop FAP clones with higher photostabil-
ity. In this study, we have characterized the photobleaching behavior of two
Malachite green (MG) binding FAP clones: dL5NP138 and HL4. These stud-
ies have been performed at a single molecule level. These studies have
shown FAPs to be more photostable compared to a widely used single
molecule dye, Cy5, at a single molecule condition. Additionally we have
exposed FAPs and the Green fluorescent protein to vigorous oxidizing
conditions to assess the encapsulation of the chromophore in the protein
environment.
Our studies show that FAPs protect MG (the fluorogen) from external environ-
ments that are rich in reactive oxygen species. The same behavior was observed
by GFP compared to a synthetic soluble GFP chromophore. Using single mol-
ecule approaches in the presence of excess dye, we have demonstrated that
these MG-binding FAPs are photostable through encapsulation of the fluoro-
gen, and not by exchange of the bleached fluorogen. This mechanism provides
MG-FAP complexs that can be used for single molecule detection over periods
greater than Cy5 labels, yet with the convenience of genetically encoded
reporters such as GFP.1957-Pos Board B727
Single Molecule Counting using STORM/PALM
Ulrich Schmidt, Jeffrey L. Werbin, Peter K. Sorger, Gaudenz Danuser.
Harvard Medical School, Boston, MA, USA.
Single-molecule counting using STORM/PALM
During the last decade, several super-resolution microscopy techniques have
been developed that enable the circumvention or even the breaking of Abbe’s
diffraction limit. One approach of achieving super-resolution is to control the
emission state of individual fluorophores in time and the concomitant ability
to localize active emitters with up to nanometer accuracy. Two of the most
commonly implemented super-resolution techniques are stochastic optical re-
construction microscopy (STORM) and photo-activated localization micros-
copy (PALM). Each technique uses the localization of individual emitters
to improve resolution as has been demonstrated with numerous intracellular
structures. Beyond that, these techniques open the possibility of counting
on a single molecule level. However, the ability to count is fundamentally
limited by the fluorophores used for these techniques which blink many times
before photobleaching. A typical STORM dye like Cy5 can cycle between
tens and hundreds of times between a dark and a fluorescent state before
